
NASA-CR-199612

Modeling of Outgassing and Matrix Decomposition
in Carbon-Phenolic Composites
NASA Marshall Grant NAG8-295

F//.z #/---

d CtT'-

Final Report

Covering progress in the period
July 1994 through October 1995

O
-!'

0

I
_0
O"
Z

ul
tO

iml

U
¢

Z _

OtO

00_
Z_

W _U
_XO0

_ I

_Z_

IZZ_

I_

Z_Z

CL

t_

OI--
r_ _..._
_

"4'
f_
"0

0
0

N

Submitted to Dr. Roy Sullivan
ED24

George C. Marshall Space Flight Center
MSFC, AL 35812

October 1995

by

Hugh L. McManus
Class of 1943 Assistant Professor

Principal Investigator

TECHNOLOGY LABORATORY FOR ADVANCED COMPOSITES
Department of Aeronautics and Astronautics, Room 33-311

Massachusetts Institute of Technology
77 Massachusetts Avenue

Cambridge, Massachusetts 02139

%



Introduction

This is the final report on the "Modeling of Outgassing and Matrix Decomposition in

Carbon-Phenolic Composites" program. Progress from July 94 through the termination of the

contract in August 95 is summarized, and a final report in the form of an attached Master's thesis is

submitted.

Progress

Work in this period concentrated on the development of a massively parallel computational

algorithm for ablative composite computations. The ablative composite code CHAR was re-coded

using the explicit finite difference method on the CM5 Massively Parallel Machine that M1T has

acquired recently. The resulting code was verified by comparison to existing exact solutions for

transpiration cooling problems and existing codes for simple ablative composite scenarios._ Work

continued past the original termination date under a no-cost extension.

A fundamental limit was found to the efficiency of massively parallel computations of this

type. The critical time step required for stability was found to differ by many orders of magnitude

both between different parts of the calculation (e.g. stress calculations required a much smaller time

step than thermal ones) and between different regions (e.g. the fluid flow calculations required

very different time steps in the charred region of the ablator than in the uncharred region). This

problem was severe enough to make fully explicit calculation of the ablative problem

computationally intractable.

A hybrid explicit-implicit code was therefore developed. It very efficiently solves the

thermal, chemical, and mass flow problems using a massively parallel explicit algorithm. It breaks

out the aspects of the problem which cannot be solved in reasonable times using an explicit

algorithm: the stress problem (which is solved as a quasi-static secondary problem only when

output is required or failure calculations are performed) and the mass flow problem in the charred

area (which is solved by a quick implicit finite difference calculation at every time step). This code

Was exercised on several ablative problems, and was found capable of handling both ply-lift and

RTG type calculations. Its performance was also measured using standard metrics of performance

for parallel algorithms, and it was found to be 97% parallel in practical cases. This resulted in a 32

processor parallel solution running 20 times faster than the solution on a single workstation.



Two technicalpapershavebeenwrittenandpresentedatconferencesbasedon thiswork

[1-2],graduatestudentDavidShiahascompletedhisMaster'sThesis[3], andanarchivalpaper

basedon reference[2] is in preparation.Copiesof references[1-3] areattached.

Current Status

The project has been terminated. This is the final report.
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